The Water Erosion Prediction Project (WEPP) is a new water erosion prediction technology being developed by the USDAAgricultural Research Service to replace the Universal Soil Loss Equation. Rangeland field experiments were designed to parameterixe the WEPP rangeland erosion model. Included in the field experiments were plot treatments designed to separate direct from indirect effects of vegetation canopy on runoff and soil erosion. Nine rangeland sites from a wide range of soil and vegetation types were evaluated using rainfall simulation techniques. Natural versus clipped treatment surface characteristics and runoff and erosion responses were compared using regression analyses. These analyses showed that there were no significant differences between natural and clipped plot surface characteristics, runoff ratios, final infiltration rates, or initial rainfall abstractions. Erosion rates were different between treatments with the clipped plots having slightly less erosion than the natural plots. Results indicated that, under the rainfall conditions simulated, canopy cover was not directly contributing to initial abstractions through rainfall interception loss or significantly affecting runoff or erosion.
lands (e.g., Dadkhah and Gifford 1980 , Branson et al. 1981 , Blackbum et al. 1982 . Results from many of these studies have been inconsistent because interactions of vegetation canopy cover and soil properties could not be separated with the experimental procedures used. Gifford (1978) , using infiltrometer data from natural plots in Utah, found that canopy cover could account for up to 70% of the variance in coefficients of 3 infiltration equations. He assumed, however, that canopy cover, bare soil, soil bulk density, and total soil porosity were independent variables in his multiple regression analysis. The question remains: Does the canopy cover directly affect runoff and erosion or are the indirect effects associated with canopy cover such as increased litter cover, soil macro-porosity, soil organic matter, soil structure or reduced soil compaction the dominating factors? Busby and Gifford (198 1) conducted experiments that separated canopy cover's direct and indirect effects on infiltration and erosion. They found that clipping crested wheatgrass (Agropyron cristatum) on a sandstonederived soil in southeastern Utah had no measurable affect on infiltration or sheet erosion rates. Johnson and Blackburn (1989) , reported similar differences in average runoff and soil loss between natural and clipped treatments from sagebrush sites in Idaho. Their work, using the same experimental procedures developed for WEPP, was a direct contribution to the WEPP effort but their results were not used in our analysis.
The objective of this paper is to evaluate the direct effect of vegetation canopy cover on runoff, infiltration, and erosion as measured over a wide range of vegetation types, rangeland soils, and soil surface and canopy covers.
Methods and Study Sites
The WEPP rangeland field experiments used rainfall simulation on large plots to produce runoff, infiltration, and erosion data from 24 rangeland sites at 16 locations throughout the western United States. Cooperative studies among Agricultural Research Service (ARS) locations in Tucson, Ariz., and Boise, Idaho, and Utah State University in Logan, Utah, have contributed to the WEPP rangeland data base. Inputs from Soil Conservation Service (SCS), Forest Service (FS), Bureau of Land Management (BLM), and university range specialists were obtained to aid in selection of range sites that represented a wide range of soils and vegetation types.
Data from 9 of the 20 WEPP rangeland sites evaluated by the Tucson location were used in the analyses made in this paper (Tables 1 and 2 ). The excluded sites either had been clipped in the spring and fall for 3 to 5 years or did not have the clipped treatment (the site was grazed to less than 20 mm canopy height).
The rotating boom rainfall simulator (Swanson 1965) used in these experiments is trailer mounted and has ten 7.6 m booms radiating from a central stem. The booms supported 30 V-Jet 80100 nozzles positioned at various distances from the stem. The nozzels spray continuously downward from an average height of 3 m, move in a circular path over the plots and apply rainfall intensities of approximately 65 mm/ hr with drop.-size distributions similar to natural rainfall. Intermittent rainfall impulses are produced at the plot surface as the booms pass over the plot. Raindrop impact energies are 77% of those of natural rainfall and rainfall 97 47  380  800  210  36 37  99 35  640  630  200  36 37  99 35  640  630  200  36 52  99 08  550  650  200  36 52  99 08  550  650  200  47 50  104 I6  610  360  120  40 14  I08 34  1760  200  90  43 51  101 52  745  390  130  40 31  120 37  1770  380  100 spatial distribution over each plot had a coefficient of variation of less than 10%. Six nonrecording raingages are used on each plot to measure rainfall amounts and distribution. A recording raingage was placed between paired plots to measure rainfall intensity (Fig.  1) . Plot treatments consisted of natural and clipped (canopy clipped to 20 mm height and clippings removed). Natural plot data were used to develop erosion, runoff, and infiltration relationships among types and degrees of vegetation and soil surface covers. The clipped plot data were used to separate canopy cover effects from soil surface cover effects on runoff and erosion. The clipped treat- At each rangeland site there were 2 plots of each treatment except sites E3, E4, E5, and Kl, which had only 1 clipped plot. These 4 sites were limited in area, and suitable plot locations could not be found. Each plot was 3.05 m wide by 10.7 m long with the long axis parallel to the slope. This size was needed to reduce the ratio of plot border to the total plot area and to evaluate rill erosion and sediment transport and deposition associated with sheet and concentrated flow. The plots were paired so 2 plots were evaluated simultaneously (Fig. 1) .
Metal sheets, 15 cm wide, were used to form the sides and upper end of each plot. The sheets were inserted 3 cm into the soil creating a 12 cm high border. The downslope end of the plot had a 20 cm wide metal sheet, with a sill plate formed on the upper edge, inserted into the soil so that the sill plate was flush with the soil surface. Runoff and sediment from the plot were diverted into a runoff measuring flume by troughs mounted below the sill plate.
Plot runoff was measured with a precalibrated runoff measuring flume that was set at the plot trough exit. Flow depths in the flume were continuously recorded by a pressure. transducer bubble gage. Time to ponding, initial and ending runoff times were noted on field data sheets. Hydrographs were produced using the flume's depth/discharge rating table and then integrated to determine plot runoff volumes and rates.
During runoff, periodic water/ sediment samples (1 liter) were manually collected from the flume's exit. Sampling intervals depended on hydrograph shape, with l-2 min intervals between samples on the rising and falling portions of the hydrograph and longer intervals during runoff equilibrium. Sedigraphs were produced by comparing sediment concentrations to the hydrograph and integrated to produce sediment yields. After consultation with land owners and/ or operators, prior and current land use (i.e., grazed, nongrazed, and type of grazing animal) were recorded for each site. The SCS personnel provided range site descriptions and range condition classification each year at the time simulations were made.
Plot ground surface and canopy cover were characterized by using a vertical 49 pin-point frame before and after plot treatment. For each point, 2 characteristics were measured: canopy cover and ground surface cover. There were 10 transects per plot for a total of 490 ground surface points and a possible 490 canopy cover points (Simanton and Renard 1982) . Canopy cover was determined as the first aerial contact of vegetation as the pin was lowered to the ground surface. Ground surface cover characteristics included: bare soil, gravel and rocks (>5 mm), litter, cryptogams, and plant basal cover. To minimize soil surface disturbance or compaction and prevent trampling of plants during plot characterization, an elevated metal walkway was placed across the plot.
Soil moisture content was determined gravimetically from composite soil moisture samples taken at the O-5 cm depth and from 5 cm to wetting front or 20 cm depth, whichever was less. Plot random roughness was determined only in 1988 using a 21-pin point frame with pins spaced 9 cm apart (Kincaid and Williams 1966) . Ten transects were taken horizontally across the plot for a total of 210 readings. The standard deviation of pin heights (mm) across each transect was averaged among transects to give a plot random roughness index. Even though there was considerable effort in the site selection process to ensure homogeneity in soil and vegetation properties, variability within the site can occur (Devaurs and Gifford 1984) . Comparisons of natural and clipped plot characteristics of percent litter, exposed soil, slope, and random roughness were made to strengthen the assumption that each site was homogeneous and that canopy cover differences (natural vs. clipped) would account for differences in runoff and erosion responses.
Although run times and rainfall intensities were to be the same for each rainfall simulation and plot, water supply and wind prob-lems sometimes caused different rainfall volumes to be applied. To account for these application differences in comparing plot runoff responses, a runoff ratio (Q/P) was determined for each plot by dividing total runoff volume (Q) by total rainfall volume (P) applied during the simulation. Erosion rates (Kg/ha/Qmm) were calculated by dividing the plot total sediment yield by the total runoff volume. Final infiltration rate (mm/ hr) was the difference between the rainfall rate and equilibrium runoff rate. Initial rainfall abstraction (mm) was calculated as the rainfall volume applied to the plot before runoff occurred. Initial infiltration rate was calculated as the difference between the rainfall rate (mm/ hr) and the runoff rate 5 minutes after runoff began. Comparisons of runoff ratios, erosion rates, initial and final infiltration rates, initial rainfall abstraction, soil moisture content, and plot surface characteristics between paired natural and clipped plots were made using linear regression analysis and the corresponding 95% confidence interval of the regression line slope and intercept.
Except for comparisons of random roughness, soil moisture, and plot slope, 21 natural/clipped pairs were available for comparison in the regression analysis. Random roughness was measured only in 1988 so there were only 7 pairs available. Soil moisture data were lost for site Gl thus giving only 19 pairs for comparison. Plot slopes did not change between 1987 and 1988 so the plots reevaluated in 1988 were not included in the slope comparisons.
Rangeland Sites
Tables 3 and 4 detail the soil and vegetation types of the 9 rangeland sites. evaluated. Five sites were selected in Oklahoma Hanson et al. 1978) . The brush site (Kl) in the BLM's Eagle Lake Resource Area was about 45 km north of Susanville, Calif. The site had not been grazed for 1 year prior to evaluation.
Results
Plot characteristic comparisons of litter, bare soil, random roughness, and slope are shown in Figure 2 . The regressions of these comparisons have line slope coefficients of nearly 1.0 and relatively small intercepts. Confidence interval tests at the 95% level showed that in all plot characteristic comparisons the regression intercept was not different than zero and the regression slope was not different than one, indicating that measured plot characteristics were not significantly different between the 2 treatments. Similar regression results were found for runoff ratios, final infiltration rates, soil moisture contents, initial abstractions, and initial infiltration rates (Fig. 3) . Erosion rates between the natural and clipped plots were different (Fig. 3) . Though the intercept of the erosion rate comparison was not different from zero, the regression line slope was different from 1. The regression line slope of less than 1 and the relatively small intercept indicate that the clipped plots had an erosion rate less than the natural plots. The 2 relatively large runoff ratios in Figure 3 are from site Dl for the 1987 evaluations and cannot be explained by analysis of data collected at the site. The 1988 evaluation of this site produced runoff ratios of around 209$0 those found in 1987 with 1 of the natural plots in 1988 having a runoff ratio nearly 5 times that of its companion clipped plot. The initial abstraction graph in Figure 3 shows 2 distinct groupings of points. The high initial abstractions were associated with sites with either very porous soil (El and E3) or had been lightly or ungrazed 2 or more years prior to our evaluations (E4 and 1987 H 1). The 2 extreme erosion rate points on the erosion rate graph in Figure 3 represent erosion rates from the Gl site. These relatively high erosion rates were ascribed to rill erosion. This site was the only site with noticeable rills on the plots before and after the rainfall simulations. Meyer et al. (1975) found, in rainfall simulation studies on tilled 6% sloped plots, that rilled plots produced about 3.4 times the soil loss as nonrilled plots. The Gl plots, sloped at 9 to 11% produced 3.3 times the average erosion rate of comparably sloped plots at other sites evaluated (sites Fl and Kl) . Discussion
The assumption of site homogeneity is reinforced by the comparisons made of litter, exposed soil, slope, and random roughness. The similarity in soil moisture eliminates moisture effects and helps isolate the canopy cover effects. Factors not quantified such as distribution of vegetation and ground surface cover on each plot could have an effect on plot runoff and erosion response. Because plot treatments were randomly imposed at each site, these effects should also be random and not be. biased for either treatment.
Final infiltration rate is not only a function of soil properties and ground surface cover but also a function of rainfall application rate. If, in a rainfall simulation under field capacity soil moisture conditions, application rate does not substantially exceed the infiltration rate, runoff equilibrium may not occur or occur late in the rainfall simulation. This would indicate that the final infiltration rate was being limited by the application rate rather than inherent soil properties. This was the situation at sites El and E3 where runoff did not occur during the simulation and the infiltration rates for these soils have been reported to range from 55 to 270 mm/ hr (Rhoades et al. 1964) . Runoff equilibrium during our rainfall simulations was usually reached 10 to 15 minutes into the 30-minute run. This relatively short period to reach runoff equilibrium indicates that soil properties were controlling the final infiltration rate and rainfall application rate was not limiting.
Initial rainfall abstractions are a function of the soil initial infiltration rate, surface roughness and storage, and interception losses to vegetation canopy (USDA, SCS 1972) . These abstractions were nearly identical for the natural and clipped plots as indicated by the very low intercept (-0.84) and 0.99 regression slope. Though infiltration rate affects initial abstractions, comparisions of initial infiltration rate indicated that there were no differences in the rate between the natural and clipped plots. There was no difference in litter, bare soil, random roughness, or initial abstractions between treatments. As a result, it can be inferred that interception loss to canopy cover was not a significant component to initial abstraction. Interception losses are more significant under conditions of lower rainfall intensities and amounts than those used in this study (Thurow et al. 1987) .
The significance of canopy cover in erosion prediction models is small compared to ground surface cover (Table 10, Wischmeier and Smith 1978) . Canopy cover's direct influence on erosion is through its dissipation of raindrop energy with the magnitude of this influence dependent on the ground surface condition found under the canopy. The larger the percent bare soil under the canopy the larger the canopy cover effect (Wischmeier and Smith 1978) . Percent bare soil on the rangeland natural and clipped plots averaged 30.6% and of this total, only 8% was under canopy. Under this condition and assuming only bare soil would be detached by raindrops, the clipped plot sediment yield would not be significantly affected by the soil eroded from the now canopy-free bare soil that was once under the canopy. Khan et al. (1988) found that as canopy cover height increased from 0.25 m to 1 .O m, the erosion rate also increased. In our study, the clipped plots had a canopy height of 0.02 m and the natural plots'canopy height could be as great as 1 m. This may explain the slightly greater erosion rates from our natural plots.
Conclusions
The clipped treatment in the WEPP rangeland experiments was designed to separate interacting relationships among vegetation canopy cover and runoff, infiltration, and erosion into direct and indirect effects. Because the same procedures, plot size, and rainfall simulator were used in the WEPP rangeland field experiments, the unique data set allows direct comparisons of runoff and erosion responses over a wide variety of rangeland conditions, soils and vegetation types. Data from the WEPP rangeland experiments represent a wide range of soils and vegetation types and can provide a better understanding of the processes involved in vegetation/runoff/erosion interactions. Comparisons made in this paper indicate, that under simulated rainfall conditions and soil and vegetation types evaluated, canopy cover has little direct effect on runoff, infiltration, initial abstractions, and erosion rate. Canopy cover's direct contributions to interception losses and soil surface protection from raindrop impact are not large in rangeland runoff and erosion responses. Indirect canopy cover effects such as desirable levels of soil structure, organic matter, and surface litter (Wilcox et al. 1988 ) are important contributors to rangeland productivity and soil and water conservation.
